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7KH HQHUJ\ HIILFLHQF\ RI PDFKLQHU\ YHKLFOHV DQG
HTXLSPHQW FDQ EH LQFUHDVHG E\ UHGXFLQJ WKH ZHLJKW RI
WKHPRYLQJPDVVHV7KHUHIRUH OLJKWZHLJKW FRQVWUXFWLRQ
FRQFHSWV ZLOO JDLQ PRUH DQG PRUH LPSRUWDQFH LQ WKH
IXWXUH2QHSRVVLELOLW\RIUHGXFLQJZHLJKWLVWRRSWLPL]H
WKH VXSSRUWLQJ VWUXFWXUH IRU H[DPSOH E\ XVLQJ
DOXPLQXP VSDFH IUDPH VWUXFWXUHV 7KHVH DOXPLQXP
VSDFH IUDPHV DUH DOUHDG\ EHLQJ XVHG LQ WKH DXWRPRELOH
DQGDYLDWLRQLQGXVWU\>@
,Q DGGLWLRQ WKHUH LV IRU H[DPSOH D WUHQG LQ WKH
DXWRPRWLYH LQGXVWU\ WRZDUGVDJUHDWHUYDULDQWGLYHUVLW\
ZKLFKUHVXOWVLQVPDOOHUTXDQWLWLHV>@)RUWKLVUHDVRQ






IOH[LEOH SURFHVV FKDLQ DUH LQYHVWLJDWHG LQ WKH
&ROODERUDWLYH5HVHDUFK&HQWUH7UDQVUHJLR$VSDUWRI
WKLV UHVHDUFK ZRUN D IOH[LEOH IDFLOLW\ ZDV EXLOW WR






7KH SURGXFWLRQ RI WKHVH SURILOHV LV FDUULHG RXW E\
XVLQJ WKH PHWKRG RI PXOWLD[LV URXQGLQJ GXULQJ
H[WUXVLRQ'XULQJ WKLVSURFHVV WKH WKUHHGLPHQVLRQDOO\
URXQGHG DOXPLQXP SURILOHV FDQ EH PDQXIDFWXUHG ZLWK
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WKH KHOS RI DQ H[WUXGHU WKDW KDV EHHQ PRGLILHG
DFFRUGLQJO\ 7KH SLHFHV DUH VKDSHG E\ D VSHFLDO
GHIOHFWLRQ WRRO WKDW LV ORFDWHG DW WKH RXWOHW RI WKH
H[WUXGHU6\QFKURQRXVO\ZLWKWKLVSURFHVVWKHHPHUJLQJ
SURILOHLVJXLGHGWKURXJKWKHURRPE\WZRWRROVHDFKRI
WKHP PRXQWHG RQ LQGXVWULDO URERWV )LJXUH 7KLV
SURFHGXUH SUHYHQWV WKH LQIOXHQFH RI JUDYLW\ FDXVHG E\
WKH DOUHDG\PDQXIDFWXUHG SURILOH RQ WKH HPHUJLQJ OLPS
SURILOH7KHGHVLUHGOHQJWKRIWKHSURILOHLVSURGXFHGE\
WKH IO\LQJ FXWRII XQLW >@ ZKLFK LV FXWWLQJ RII WKH
FRQWLQXRXVO\ HPHUJLQJ SURILOH ZLWK D FLUFXODU VDZ
PRXQWHG RQ WKH HIIHFWRU RI WKH ILUVW LQGXVWULDO URERW
)LJXUH
6WDWHRIWKHDUW
2.1. The flying cut-off 
7KH IO\LQJ FXWRII V\VWHP GLVSOD\HG LQ )LJXUH  DQG
LWV FRQWURO FRQFHSW ZLOO EH GHVFULEHG LQ PRUH GHWDLO
EHORZ 7KH QRQUHDFWLYH JXLGLQJ DQG FXWWLQJ RI WKH
URXQGHGSURILOH LVFDUULHGRXWE\DFRPELQHGGHYLFHIRU
JXLGLQJDQGFLUFXODUVDZLQJDQGDWUDQVIHUWRROWKDWDOVR
DOORZV JXLGLQJ DQG FODPSLQJ RI WKH H[WUXGHG SURILOH
%RWKWRROVDUHRSHUDWHGE\WZRVL[D[LVLQGXVWULDOURERWV
7KH JXLGLQJ XQLWV DUH PRXQWHG RQWR FRQWUROODEOH
DGGLWLRQDOD[HV>@
7KHV\VWHP LV FRQWUROOHGE\DQXPHULFDOFRQWURO WKDW
LV VXSHUYLVLQJ WKH LQGLYLGXDO FRQWUROV RI WKH LQGXVWULDO
URERWVDQGJXLGLQJXQLWV7KLVZD\WKHPRYHPHQWVRIDOO
NLQHPDWLFVFRQVLVWLQJRID[HVDUHKLJKO\V\QFKURQRXV
2.2. Path data compilation 
7KH FRQWURO GDWD IRU WKH QXPHULFDO FRQWURO DQG WKH
SDWKGDWDIRUERWKLQGXVWULDOURERWVDQGIRUWKHDGGLWLRQDO
D[HV RI WKH JXLGLQJ XQLWV DUH FUHDWHG RIIOLQH 7KH EDVLV
IRU WKH RIIOLQH FUHDWLRQ RI WKH SDWK GDWD LV D NLQHPDWLF
&$' PRGHO LQ WKH &$' SURJUDP &DWLD 9 ,Q WKLV
SURJUDPD&$'PRGHORIWKHSURILOHWREHPDQXIDFWXUHG
PDQLSXODWHV WKH LQGLYLGXDO FRPSRQHQWV RI WKH PRGHO
ZKLFKDUHFRQQHFWHGYLDNLQHPDWLFFRQVWDLQV7KHPRGHO
GHSLFWV WKH IUHHGRP RI PRYHPHQW RI WKH SURWRW\SH
LQVWDOODWLRQ &RRUGLQDWH V\VWHPV DUH GHILQHG IRU HYHU\
7&3 RI WKH URERW LQ WKH PRGHO 7KH PRYHPHQW RI WKH
FRRUGLQDWH V\VWHPV LV UHJLVWHUHG UHODWLYH WR WKH LQLWLDO
SRVLWLRQVRIWKHVHFRRUGLQDWHV\VWHPV7KLVSDWKGDWDFDQ
WKHQ EH GLUHFWO\ UHDGE\ WKH URERW FRQWURO7KH WKHUPDO
H[SDQVLRQ RI WKH SURILOH LV DOUHDG\ WDNHQ LQWR
FRQVLGHUDWLRQ LQ WKLV LQVWDOODWLRQ )RU WKLV SXUSRVH WKH
FRQWRXU GDWD ZKLFK LV DYDLODEOH LQ WKH IRUP RI D &$'
PRGHORIWKHSURILOHLVH[WHQGHGE\DFRQVWDQWHORQJDWLRQ
IDFWRU :LWK D WKHUPDO H[SDQVLRQ FRHIILFLHQW RI
ȝP.P DQG DW D SURGXFWLRQ WHPSHUDWXUH RI &




WR EHPDQXIDFWXUHG WKH URERW SDWKV KDYH WR EH H[DFWO\
DGMXVWHG WR WKH FRQWRXU PRYHPHQW RI WKH H[WUXGHG
SURILOH%XWGXULQJ LWV SURGXFWLRQ WKHSURILOH LV VXEMHFW
WR WUDQVLHQW HIIHFWV 7KH HVVHQWLDO UHDVRQ IRU WKLV LV WKH
FRROLQJ RI WKH SURILOH WKDW VWDUWV GLUHFWO\ DIWHU LWV
H[WUXVLRQ$V D FRQVHTXHQFH DGLVWRUWLRQRI WKHSURILOH
RFFXUV7KLVHIIHFWLVUHLQIRUFHGHYHQPRUHE\DYDULDEOH
FURVVVHFWLRQRIWKHSURILOHZKLFKLVDQH[WHQVLRQRIWKH
LQVWDOODWLRQ SUHVHQWHG DW WKH EHJLQQLQJ >@ )RU WKH
SURGXFWLRQ RI ORDGDGMXVWHG SURILOHV WKHZDOO WKLFNQHVV
FDQ EH LQFUHDVHG RQ RQH VLGH RYHU D GHILQHG OHQJWK WR
WZLFHLWVRULJLQDO WKLFNQHVV,QSURILOHVZLWKDRQHVLGHG
WKLFNHQLQJ RI WKH ZDOO D GHIOHFWLRQ RFFXUV GXULQJ
FRROLQJ7KLVGHIOHFWLRQRIWKHSURILOHLVWKHUHVXOWRIWKH
GLIIHUHQW WHPSHUDWXUH JUDGLHQWV ZKHQ FRROLQJ SURILOHV
ZLWKORFDOO\WKLFNHUZDOOV>@
7KLV SUREOHP FDQQRW \HW EH WDNHQ LQWR FRQVLGHUDWLRQ
LQ WKH FXUUHQW SDWK FUHDWLRQ 7KHUHIRUH WKLV VFLHQWLILF
SDSHU SUHVHQWV DQ DSSURDFK WKDW WDNHV D WKHUPDO




7KH DSSURDFK RI H[WHQGLQJ WKH SDWK GDWD FUHDWLRQ
LQFOXGHV WKH VXSHULPSRVLQJRI FRUUHFWLRQYDOXHV IRU WKH
G\QDPLF SURILOH PRYHPHQW GXH WR FRROLQJ RQWR WKH
DOUHDG\ H[LVWLQJ SDWK GDWD ,Q RUGHU WR FRQVLGHU WKH
G\QDPLF SURILOH PRYHPHQW GXULQJ WKH PDQXIDFWXULQJ
SURFHVVGXHWRWKHUPDOGLVWRUWLRQFRUUHFWLRQYDOXHVIURP
D WKHUPRPHFKDQLFDO )(0 VLPXODWLRQ DUH DGGHG WR WKH
SDWKGDWDIURPWKH&$'VLPXODWLRQRIWKHNLQHPDWLFV
7KLV LV GRQH E\ XVLQJ D WHPSRUDO DQG NLQHPDWLF
FRXSOLQJ)LJXUHVKRZVWKHFRQQHFWLRQ




7KH SDWK GDWD RI WKH URERWV FRQVLVWV RI  VSDFH
SRLQWVSHUVHFRQGDQGWKHUHVSHFWLYHRULHQWDWLRQV AllT 
7KH FUHDWLRQ RI WKH SDWKV RFFXUV LQ D &$' EDVHG
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 (1) 
4.1. Modeling of the kinematics simulation 




,Q GRLQJ VR WKH FRQWLQXRXV SURILOH GHYHORSPHQW LV
PDSSHG E\ DQ HTXDOO\ JURZLQJ KHDW WUDQVIHU VXUIDFH
)XUWKHUPRUH WKH FXUUHQW SRVLWLRQ YDOXH RI WKH JXLGLQJ
URERWVUHODWLYHWRWKHSRLQWRIWKHSURILOHJHQHUDWLRQPXVW
EH SRVVLEOH WR GHWHUPLQH IRU DQ DFFXUDWH DVVLJQPHQW RI
WKHFRUUHFWLRQYDOXHVRIWKH)(0VLPXODWLRQ
)LJXUH D VKRZV WKH &$' NLQHPDWLFV VLPXODWLRQ
ZLWK WKH PRGHOHG SODQW 7KH JXLGHG SURILOH LQ WKLV
H[DPSOHLVDOUHDG\KDOISURGXFHG)LJXUHEVKRZVWKH
WKHUPRPHFKDQLF )(0 VLPXODWLRQ 7R PDS WKH
NLQHPDWLFFRQQHFWLRQRIWKH&$'PRGHOIRXUFRRUGLQDWH
V\VWHPVDUHGHILQHGLQWKHPRGHO)LJXUHEGHSLFWVWKH
DUUDQJHPHQW RI WKH GLIIHUHQW FRRUGLQDWH V\VWHPV 7KH
&6UHOUHSUHVHQWVWKHSRLQWRIRULJLQRIWKHVLPXODWLRQDQG
WKH UHVXOWV RI WKH VLPXODWLRQ DUH DYDLODEOH LQ WKLV
FRRUGLQDWH V\VWHP 7KH &6JORE LOOXVWUDWHV WKH WUDQVLWLRQ
SRLQW ZKHUH WKH GHYHORSLQJ SURILOH EHFRPHV WKH
SURGXFHG SURILOH 7KLV FRRUGLQDWH V\VWHP LV XVHG IRU
FRXSOLQJ WKH SDWK GDWD FUHDWLRQ WR WKH )(0 VLPXODWLRQ
ZKLFKPHDQV WKDW WKH HTXDOLW\RI WKH D[LDOGLUHFWLRQV LV
HQVXUHG7KH&65 DQG&65 DUH GHILQLQJ WKH UHIHUHQFH
SRLQWV IRU WKH URERWV 7KHVH FRRUGLQDWH V\VWHPV KDYH D
IL[HGGLVWDQFHWRWKH&6JORE
)RUNLQHPDWLFFRQWUROWKHFRRUGLQDWHV\VWHP&6JORELV
PRYHG DORQJ WKH QHXWUDO ILEHU RI WKH SURILOH $W WKH
EHJLQQLQJ RI WKH FRUUHFWLRQ YDOXH GHWHUPLQDWLRQ WKH
&6JOREFDQEHIRXQGRQWKHRSSRVLWHVLGHRIWKH&6UHO7KH
FRRUGLQDWH V\VWHP &6JORE PRYHV DW WKH UHDO SURGXFWLRQ
VSHHGRIWKHSURILOHWRZDUGVWKH&6UHO7KHPRYHPHQWRI








PRYHPHQW WKH WUDQVIRUPDWLRQ PDWUL[ LV DOVR DGDSWHG
7KLVPHDQV LW LV FDOFXODWHG IRU HYHU\ FRUUHFWLRQ SRLQW
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7KH WUDQVIRUPDWLRQ PDWUL[ GloballP5H GHVFULEHV WKH
FRQYHUVLRQ RI WKH SURILOH YHFWRU VSDFH rel. WR WKH
H[WUXVLRQSUHVVYHFWRUVSDFHglob,QRUGHUWREHDEOHWR
FDOFXODWH WKH URWDWLRQ RI WKH FRRUGLQDWH V\VWHP
VXSSRUWLQJSRLQWVIRUWKHWUDQVIRUPDWLRQPDWUL[HVKDYHWR
EHGHILQHG7KLVKDVWREHWDNHQLQWRFRQVLGHUDWLRQZKHQ
PRGHOLQJ WKH H[WUXVLRQ SURILOH $ FRQYHQWLRQDO FURVV
OLQNLQJ RI WKH SURILOH LV QRW SRVVLEOH VLQFH WKH




VXSSRUWLQJ SRLQW DW WKH FLUFXPIHUHQFH (DFK RI WKHVH
HOHPHQWV KDV QRGH HOHPHQWVZKLFK DOORZD GHILQLWLRQ
RIWKHRULHQWDWLRQ$WWKHEHJLQQLQJRIHYHU\QHZVHWRI






HQG QRGH DQG D URWDWLRQ FHQWHU SRLQW WKDW GHILQHV WKH
QHXWUDOILEUHRIWKHSURILOH2QWKHEDVLVRIWKHVHSRLQWV
WKH VXSSRUWLQJ SRLQWV DQG WKHLU ORFDO RULHQWDWLRQV DORQJ
WKHQHXWUDOILEUHDUHFDOFXODWHGZLWKDNLQHPDWLFVURXWLQH
,Q RUGHU WR EH DEOH WR FDUU\ RXW WKH DOLJQPHQW RI WKH
FRRUGLQDWH V\VWHPV DW WKH SURILOH FXUYDWXUHV LQ DQ
DFFXUDWHPDQQHU WKH LQLWLDORULHQWDWLRQ LVGHWHUPLQHGDW
WKH EHJLQQLQJ )LJXUH D $IWHUZDUGV WKH SRODU
RULHQWDWLRQDWWKDWSRLQWLVGHWHUPLQHG)LJXUHE$IWHU
WKDW WKH &6 LV PRYHG WDQJHQWLDOO\ DQG WKHQ URWDWHG





7KH GHVFULSWLRQ RI WKH H[DFWO\ GHILQHG QRGH SRLQWV
DOVRKDVWKHDGYDQWDJHWKDWGLIIHUHQWKHDWWUDQVIHUVFDQEH
GHILQHG IRU WKH GHYHORSLQJ FRRUGLQDWH V\VWHP RI WKH
SURILOH &6JORE 7KLV SHUPLWV WKH PRGHOLQJ DQG WKH
WKHUPRPHFKDQLF VLPXODWLRQ RI D FRQWLQXRXVO\
GHYHORSLQJSURILOH
4.2. Modeling of the thermosimulation 
)RU VLPXODWLQJ WKH KHDW GLVVLSDWLRQ WKH HOHPHQWV DUH
H[SRVHG WR FRQYHFWLRQ'XULQJ WKLV SURFHGXUH RQO\ WKH
HOHPHQWVZKLFKKDYHDOUHDG\EHHQH[WUXGHGDUHH[SRVHG
WR FRQYHFWLRQ 7KLV LV GHILQHG LQ GLIIHUHQW VWHSV )RU
HYHU\VWHSDQDGGLWLRQDOHOHPHQWFRQYHFWLRQLVGHILQHG
7KH WKHUPDO SDUDPHWHUV RI WKH VLPXODWLRQ PRGHO DUH
GHWHUPLQHGDFFRUGLQJWR>@DQG>@7KHWHPSHUDWXUH

















7KH UHVXOWV RI WKH VLPXODWLRQ DUH GLVSOD\HG EHORZ
)LJXUH D GHSLFWV WKH GHIRUPDWLRQ RI D ' URXQGHG
SURILOH ZLWK D ORFDO LQFUHDVH LQ ZDOO WKLFNQHVV LQ WKH
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FXUYDWXUH)LJXUHEVKRZVD'URXQGHGSURILOHZKRVH






URERWV WKDW DUH JXLGLQJ WKH SURILOH WKURXJK WKH URRP
ZHUH FDOFXODWHG E\ WKH PHDQV RI D URXWLQH IRU FHUWDLQ




FDOFXODWHG LQ WKH WKHUPDO VLPXODWLRQ DQG GHWHUPLQHV
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$W WKH WLPH W V RQO\ D SXUH GHIRUPDWLRQ LQ [
GLUHFWLRQFDQEHQRWLFHG7KLVGHIRUPDWLRQ LVFDXVHGE\
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W 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6XPPDU\
,Q WKLV SXEOLFDWLRQ D QHZ DSSURDFK IRU RIIOLQH
FDOFXODWLRQ RI SDWK GDWD IRU WKH JXLGLQJ RI XQVWHDG\
H[WUXVLRQ SURILOHV ZLWK LQGXVWULDO URERWV ZDV SUHVHQWHG
7KLV DSSURDFK LQFOXGHV D FRQVLGHUDWLRQ RI WKH SURILOH
GHIRUPDWLRQ FDXVHG E\ FRROLQJ GXULQJ SURGXFWLRQ 7KH
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